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SUMMARY 
An investigation WRS made to obtain information on 
the minimum quantity of air and power required to cool 
conventional air-cooled cylinders at various operating 
conditions when using a b l ower . A Pratt and Whitney Wasp 
H and a Pratt & Whitney Wasp D cylinder were used with 
two different cooline- air jackets on each cylinder . The 
coolin~ air was supplied by a blower and measured with a 
Durley orifice box . Cylinder temperatures were measured 
with iron-constantan thermoc ouples connected to a portable 
pyrometer . Tests were made at engine speeds varying from 
1,500 to 2,100 r . p.m . with atmospheric pressure at the 
carburetor and at an engine speed of 1,900 r.p . m . with 
carburetor-intake pressures varying from 20 to 35 inches 
of Hg absolute. The weight of the cooling air was varied 
from approximately 0 . 56 to 1 . 82 pounds per second . 
The results of these tests showed that with blower 
cooling 1. 09 pounds of air per second properly directed 
were sufficient to cool satisfactorily the Wasp H cylinder 
when it was developing 45 brake horsepower. Approximately 
2 to 6 percent of the brake horsepower of the engine was 
required for satisfactory cooling, 1epending on the engine 
operating conditions and the cy l inder and jacket combina-
tion used . The power required for cooling VAried as the 
2 . 81 to 2.90 power of the coolin~-air wei .ht . The temper -
ature difference between the cylinder and the cooling air 
varied inversely as the 0 . 4 to 0.6 power of the weieht of 
the cooling air, depending on the location of the thermo-
couple . The total head drop across the cylinder varied as 
the 1 . 77 to 2.04 power of the cooling-air weight . The 
shape of the jacket had a l arge effect on the temperature 
distriDution; increasing the velocity over the front of 
the cylinder reduced the temperatures of the whole cylinder . 
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INTRODUCTION 
Ma ny researches have been conducted during the last 
few years on methods for reducing the drag and improving 
the cooling of radial air-cooled engines. The N.A.C.A. 
cowling has been used in practically all of thes o i nves -
tigations . The ef fec t of the use of baffles and trailin g -
edge flaps to limit, direct, and control the quantity of 
coo ling air when N.A.C.A. cowlin gs are used has recently 
been inv e stiga te d. These inv es ti gations have resulted in 
a large reduction of drag and a la r~e improvement in cool-
ing (r e f e rence 1). 
The use of con tro llable propellers t o maintain con-
stant pow er output for all operating conditions has made 
the cooling problem more difficult because the engine power 
in climb may be the same as in level flight, whereas the 
air speed in climb is about one - half that in level flight. 
The difference in slipstream velocity is less than the dif -
fe rence in air speed but there would, nevertheless, be a 
large diff erence in t empe rature for the two conditions. 
The coolin g system should b e so designed that the degree of 
cooling obtained would have a definite relation to the pow-
er developed in order that practica.lly uniform temperatures 
may be obtained for all conditions a t or near full throttle. 
A blower geared to t he en g ine has been suggested as a means 
of controlling and improving the cooling. An important ad-
vantage of b lo wer coolin g is that the air-cooled, like the 
liquid- cooled, engine will be self-contained and consequent-
ly more independent of the engine installation . 
The purpose of the present research was to investigate 
blower cooling of air-coo l ed engine cylinders, The quanti-
ty of air and the blower power re quired for coolin~ a sin-
gl e-cylinder air- cooled engine were q et ermined, The tests 
were con du cted on two cylinders having fins of different 
design. 
APPARATUS 
The apparatus consisted of a single-cylinder air-cooled 
engine , a supercharger for boostin g capburetor-intake pres-
sures, an electric dynamometer, a cooling system, and the 
necessary instruments to measure the factors involved. A 
'. 
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'diagrammatic sketch of the set-up is shown in figure 1 
and a ' photograph of the engine with the cylinder enclosed 
in the cooling jacket is shown in figure 2. 
Air-cooled cylind~.- The two air-cooled cylinders 
(fig.3) ,used in these tests were from Pratt & Whitney Wasp 
' D and H engines. They were adapted to a universal test-
engine base (reference ~) to operate with a stroke of 6 
inches and at compression ratios of 5.39 and 5.33 for the 
D and H cylinders, respectively. The fins on the head of 
cylinder H, which is of a later design than cylinder D, 
are more closely spaced than are those on the head of cyl -
inder D. The fins on the barrels of the two cylinders ar; 
of the same pitch but the width fs different, those for 
the Wasp D being 3/8 inch wide and those for the Wasp H 
being 1/2 inch wide. Each cylinder was provided with an 
oil feed line to sup p ly oil to the piston skirt through 
four O.0677 inch- di ameter holes drilled in the cylinder 
wall near the base. 
Q~linder jackets.- The cylinders were enclosed in 
sheet-metal jackets fitting close to the fins and open at 
the front and. the rear (figs. 4 and 5). Two jackets were 
test ed on each cylinder, jackets A and B on cylinder D 
and jackets C Bnd D on cy linder H. Jackets A and Chad 
entrance passages of small cross-sectional area, the 
air passing b e tween the valve rods; jackets Band D en-
clOsed the valve rods and allowed the air to pass over 
them. Jacket C was made by placing inserts in the en-
trance of jacket D to direct the air so that it pas sed be -
tween the valve rods. Care was exercised in the design 
of the entrance of the jackets to insure no breakaway of 
the air from the walls. The ratio of the area of tho exi t 
of the jacket to the clear area between t he fins for cy l-
inder D was 2.6 for the barrel fins and 1. 8 for the head 
fins. The jackets for cylinder H were designed so tha t 
the exit area was twice the clear area betwe en the fins 
because information obtained from tests with baf f les on 
electrically heated cy linders showed tha t the ratio of the 
area of the exit between the baf fle s to the clear area ba-
tween the fins should be a ppr oxi mat ely 2 for the high~st 
over-all surface heat-transfer coefficient (refer ence 3 ) . 
,The information on electrically heated cylinders was not 
available for the design of jackets for cylinder D. The 
length of the exits on all the jackets was 6 inches. 
r-' -- -~--'-~~-~----~---' -~--- - -
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!~l-equipmen~ . - An N.A . C. A. Roots supercharger was 
used to increase the carburetor-intake pressu~e during 
the boost tests . A tank was placed in the air' duct be-
tween the supercharger and the engine to eliminate pres-
sure pUlsations caused by these units. 
An electric dynamometer was used to absorb the p ower 
and to measure the torque of the engine. A Stromberg 
NAL-5 carburetor modified by installing needle valves in 
the main jets was used on the test engine. A small weigh-
ing tank suspended from~ sensitive balRnce that electri-
cally operated a revolution counter was used to measure 
the fuel; the length of a fuel run was the time required 
to consume 1/2 pound of fuel. 
The cooling- air system consisted of a blower to sup-
p ly the cooling· air, an orifice tank to measure the quan -
tity of air, and an air duct between the blower and the 
jacket enclosing the cylinder . Baffles and screens were 
placed in the air duct to insure uniform air flow across 
the entrance of the jacket . 
An electrically controlled ~top watch and revolution 
counter were used to determine the engine speed. 
Temperatu~nd~ssure measurements.- Iron-constan-
tan thermocouples and a direct-reading portable pyrometer 
were used to measure the cylinder temperatures. The ther-
mocouples were made from O. 016-inch diameter wire and were 
peened in the cylinder head and spot-welded to the barrel. 
The thermocouples on cylinders ' D and H were located as 
shown in figure 3 . Chromel- constantan thermocouples were 
use d too b .t a in the air temp era t u res a t the i n 1 e t 0 f the 
jacket . The cold junctions of all the thermocouples were 
pla ced in an insblated box . Alcohol thermometers were 
used to measure the temperature of the air entering the 
orifice tank, of the cold-junction box, and of the carbu-
retor intake. 
Water manometers were used to measure the pressure in 
the orifice tank and at the inlet of the jacket; a mercury 
manometer was used to measure the carburetor-intake pres-
sure . 
----- -_.- --._------ - -
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METHODS 
Tes~ . - Tests were conducted with both cylinders at 
engine speeds from 1,500 to 2,100 r . p . m. with atmospheric 
pressure at the carburetor intake. At 1, 900 r . p . m~ with 
cylinder H, the carburetor-intake pressure was varied 
from 20 to 35 inches of me~cury absolute in increments of 
approximately 5 inches of mercury. The range of cooling-
air weight forthe foregoing tests was from 0.56 to 1 . 82 
pounds per second, which corresponded to air speeds of a p -
proximately 65 to 210 miles per hour on the Wasp D cylin-
der and of 90 to 285 mi l es per hour on the Wasp H cylinder , 
at an air temperature of 70 0 F . and a p ressure of 29.92 
inches of mercury. These air speeds are based on the free-
flow area between the fins o f the two cylinders. The fue l 
consumption was kept approximately constant at 0 . 55 pound 
per brak e horsepower p er hour . Observations were made of 
the engine torque, the engine .speed, the fuel consumed, 
the carburetor-intake pressure and temperature, the spark 
setting, the temperature of the air entering the orifice 
tank, the temperatures of the air entering the jacket , the 
cylinder temperatures, the pr essure drop across the ori-
fice tank, the pressure at the entrance of the jacket, and 
the barome t ri c pressure . 
The weight of the cooling air was controlled by vary-
ing the speed of the b lowe r . The carburetor-intake pres-
sures were varied by either throttling the intake of the 
surge tank or boosting ~ith the supercharger. 
Gasoline conforming to Army Specification Y-35 57- G 
and having an octane number of 87 was used for most of 
the tests. For the most severe condi ti ons ethyl fluiu was 
added to the fuel in a sufficient amount to suppress audi-
ble detonation. 
Only temp eratures for a few representative thermo -
couples are submitted in the report; the discussion of the 
results and the conclusions are, however, based on a study 
of aIr the cylinder temperatures. 
Computati .ons.- The engine h orse powers given in this 
report are all observed values and were calculated fr'om 
the corrected dynamometer-scale reading and the engi~a 
--- -----~-------------------" 
6 N. A. C. A. Technical Note No . 572 
s p eed . No correction was appli ed to engi ne p o wer for 
vnriation from standard conditions . of baro me tric pressure , 
atmospheric temperature, or humidity because these cor-
rections could no t be applied with the same degree of ac-
c u racy to the c y li n der tempe ratures. The method of com-
puting the coolin g -ai~ weight is gi vmn in detail in ref-
ere n ce 4. The p ower re quired for cooling was obtained by 
multipl y in ~ the total head at the entrance of the ' jacket 
by t h e a ir velocity and the area of the section where the 
tot a l . head is measured and includes both t h e loss across 
t h e cylinder and the kinetic ener gy of the di s c h arge air. 
The cylinder-tempera ture readin g s were correc ted. for 
instrument· c a libra tion, cold-junction t e mpera ture, 8.nd 
variation in inlet coolin g-air tempe r a ture from 70 0 F. 
Th e latter correction was based on tests of several cyl-
ind ers in which the tcmpcrB.ture of the inlet air was va-
ried ; it was found that for every degre e rise in a ir temp -
er a ture, the he a d temp e r atures increased a pp roxima tely 
0 . 8 0 F . , the barrel te mp eratu~es 0 . 70 F . , the spark-plug-
g as k et tempernture 0 . 840 F . , Rnd t he flan g e temperntures 
0 . 60 F . The inlet coo l ing- air tempe ratures were correct-
ed for instru ment ca libration an d cold-junction tempera-
ture . 
The sp e cific f u el consumption was calculated from 
t h e observed weight o f fue l used, the time required to use 
thi s fu e l , and the observed b rake h orsepo wer. 
PRECI SION 
The cylinder tempe rAtures are considered to be ac-
c u ra te to Nithin ±4 0 F . 
Tho t 0~~e ratures of tho inlet air are a ccurate to 
wi t h i n ± 2 0 y -. 
Ths nr~b~ure at the inlet of t h e ja ck e t varied owing 
to f ]u C t~~ t ~0h~ c aused by tho blo we r , but t h e results are 
ac c u rdte to w it~ in ±l/s inch of wate r. 
The manome t er me n s u rin J.; th e pressure drop across the 
I ~ 
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. metering orifice fluctuated considerably when a large 
amount of air was delivered. The error is considered to 
b e a p pro x i rna tel y ±2. 5 per c en tat cool i n g - air wei g h t s 0 f 
1.3 pounds per second and to decrease until at approxi-
mately 0 ,8 pound per second the error is less than 1 per -
c en t . 
The torque-sc~le readings are correct to within ±l 
percent . 
The accuracy of the fuel wei ghts varied from 0 to 
- 2 -1/2 percent . " 
RESULTS AND DISCUSSION 
Effect of the sh~ of the jackeL_on coo l ~.- The 
curves of figure 6 show that for the same weight . of coot-
ing air the cylinder temperatures were lower at all points 
with jacket A than with jacket B. As the rear half of the 
two jackets is the same, " it can be concluded from" these 
results that increasing the velocity of the cooling air 
over the front of the cylinder will also reduce the temper-
ature at the rear of the cylinder, The difference in the 
temperatures obtained with the two jackets was greatest 
for the points that had a high temperature and for the 
points on the front part of the cylinder, Thermocouple 1&, 
which was located below the front spark-plug boss, showed 
a maximum difference of 1520 F . ; whereas thermocouple 14, 
which was located on the flange and at the rear of the cyl-
inde~,showed a difference of from 0 0 to 50 F . 
The shape of the jacket had a large effect on the 
temperature diff erence between points on the cylinder, . par -
ticularly between points at the front and the rear. For 
example, with jacket B the temperatures for points below 
the front spark plug were appreciably higher (30 0 to 600 FJ 
than those for points belo~ the roar spark plug; with jack-
et A the temperatures below the rear spark plug were from 
350 to 60 0 F. higher than those b e lo w the front plug. The 
temperatures at points above the spark plugs and on the 
barrel were higher in the rear of the cylinder than at the 
front regardless of the jacket used; with jacket A the 
maximum temperature difference was 1200 F . for the barrel, 
_~~.J 
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whereas with jacket B the maximum temper8,ture difference 
was only 120 F . It might b e well to point out that with 
either jacket the temperature differences between the 
front and the rear were never greater than 120 0 F. and 
this difference was confined to one point; in flight on 
installations using ring cowlings, temperature differences 
as high as 1500 F. have been obtained (reference 5). A 
jacket of proper design should be of great assistance in 
reducing distortion caused by excessive temperature dif-
ferenc es and should also be an excellent means for elimin-
ating hot spots in the cylinder . 
The difference in temperatures between the two jack-
ets on cylinder H (fig . 7) was slight as compared with the 
temperature differences betwe en the two jackets on cylin-
der D. As might be expected, however, the largest temper-
ature difference between the two jackets was for the points 
on the front of the cylinder; for thermocouple 2 the dif-
fer ence wa 's 26 0 F . and for thermocouple 15 the difference 
was 44 0 F . The slight difference between the shape of the 
two jackets used on this cylinder (fig. 5), and probably 
the better finning, explains the small difference in tem-
peratures obtained . ' 
In general, it may be said that the temperature dis-
tr ibution of cylinder H was similar to that obtained on 
cylinder D. With jacket D on cylinder H the rear temper -
atures were higher than the front except for points a 
short distance below the spark plugs. The maximum temper-
ature difference, 69 0 F . , between the front and rear of 
cylinder H was on t he barrel, in compar ison with the maxi-
mum temperature difference of 120 0 F. on the barrel of 
cyl inder D. The greater amount of finning on cylinder H 
ten ded to reduce the temperature difference and the number 
of ho t sp at s • 
Effect of the cooling-air weight on the difference 
between cylinder and air temperatures .- The test ris~lts 
fan cylinder D show that the temperature difference be-
tween the cylinder and the coolin g air (temperatures in 
fig. 6 less 70 0 F . ) varied inversely as the 0.45 to 0.60 
pow er of the air weight depending upon the location of 
th e thermocouples . As tho wall-temperature differences 
are inversely proportional to the wall heat-transfer co-
efficients for a given heat output , an examination of 
-- ----
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the theoretical e quat ion for the wa ll heat-transfer coef-
ficient will pr ovi de an insight into the reasons for the 
variation in the exp onen t no ted . 
The following equation from reference 0 
(1 3 ) 
gives the wall heat-transfer coefficient U as a function 
of fin dimensions, conductivity , and fin surface heat -
transfer coefficient. In this equation a = ~ Jk"t' q is 
the surface heat -tran~fe r coefficient of the cylinder, k 
is the conducti v ity o f the metal, t is the thickness of 
the fins, and WI is the 'width of the fins plus h~lf th e 
fin thickness. Referenc e b also shows that the fin sur-
face heat - transfer coefficient q varies as (V Pg)n . It 
i s e vi den t fro m e qua t i on ( 1 3) t ha t for sma 11 val u e s 0 f 
~ I " . J kt w , U varles as (vpg)~ and that as j2Q w t increases, 
, kt . 
the exponent approaches as ymptotically the value n / 2 . For 
en g ine cyli nders the value of the exp onent lies, in general, 
between 0 . 4 and 0. 6 . 
In order to illus t rate th e foregoing d i scussion, t he 
temperature d iff er ence s bet ween t,h e a ve r~ ge of 8 t h ermo-
coup l e s on th e barrel and the c oel ing air a r e sho wn in f ig-
ure 8, t o g e th er with the recipro cal of t he wal l heat- t rans-
fer c o~ f f ic ie nt U in B . t . u . pcr squti re i nc h pe r de gree 
Fahr en~ e j t p~ r h our calculated f ro m equa ti 0n ( 1 3 ) fo r an 
elec tr i~~ l ly h eate d fi n n e d cylin: e r o f t h e s a me d i mensi ons . 
It wi ll b ~ not i c2d tha t ' i n t he s an e r ang e o ~ weigh t vel oc -
ity o f th e c oo li !'.g air th'e slo pE.;;j of th e t v, o cur v e s are a1"': 
most e c;,ua l. The weight velocity of t he co c ling air was ob-
tained by dividin g the cooling- ai r wei ght by the free- f low 
area bet ween th~ fins . Th e wei g~t v e locit y of the cooling 
air at ' t~e sectio~ considered is p rob a bly ~ little d i ff er -
ent fro m t he ave rage we ight vel o ci t y of t he air but~ a ~ 
fi 'gure 8 shows, the slope o'f th e cu'rve chang es very 'lit t ie 
with a rather large chan g e of weight velocity . Th.e '~elll'" 
10 N . A.C.A . Technical Note No. 572 
ti on between cylinde~ temperature Rnd air weight for cyl-
inder H ~hen p lotted on logarithmic coordinate paper (see 
fig . 8 for cylinder D) indicates that the temperature dif -
ference between the cylinder a nd the coolin g air v~ried 
inversely as the 0 . 40 to 0 . 50 p o wer of the air weight . 
~~~~~o f ~~ling~iL-wetgh. t on total head dr~across 
t~G Jacket .- The curVes of fi gure 9 show that t~e total 
head d ro p ac ross the cylinder with different jacket and cyl-
inder combinations varied from appr oximately 2 . 5 to 20 
inches of wat e r. These total h ead s include the drop across 
the cylinder and the kinetic ener gy loss at the exit of the 
jack et . The engine ' conditions for these curves were the 
sa me as for figures 6 and 7. 
As the engine power increase s, more heat is given to 
the cooling air, resultin g in a c han ge. in air density. 
With the sarno wei gh t velocity of the cooling air this 
change in density res u lts in an in crease in pressure drop. 
The chang e in total hend d rop across the cylinder due to 
density chan g e, ho wever, is so small tha t all points fall 
o n the same curve . 
Th e avera ~ e slope of the curves in figure 9 is 1.88. 
Dryden and Kuethe (r eference 7) have shown that for pipes 
and flat p lat es the drag is trieoretically pr oportional to 
the 1.8 p o wer of the velocity . Un p ublished tests made at 
MassRchusetts Instit ute of Technolo gy by R. H. Smith and 
R . T . Sauerw ein show that for various finned plates the 
drag varied as the v e locit y to the 1.75 to 1.96 power , de-
pend ing on the pitch and width of the fins. 
The closely spaced fins of c y linder H gave a much 
larger pressure drop than the widely spaced fins of cylin-
der D. There was no difference in pressure drop between 
jackets C and D o n cylinder H, but the difference between 
the two j ackets on cylinder D was appreciable for a given 
air weight . Th e entrance s of the jackets on cylinder H 
were more near ly alike than were those on cylinder D and, 
furthermore , the closely spaced fins on cylinder H affect-
ed the pr essure drop more than did the widely spaced fins 
on cylinder D. 
Eff ~Q.i.-2.f._coo 1 ing=1!.i r we ighL.Qll_1he bra~hor .§..mwer 
developed.- The curves in figu re 1 0 show that increasing 
the quantity of cooling air h ad little effect on the brake 
I . 
N.A.C.A. Technical Note No. 5 72 
horsepower developed . As there is only a small gain in 
engine power when the engine is overcooled, only suffi-
cient air should be provided to insure the reliability 
and the life of the engine. 
11 
Effoct of cooling-air weight on the blower power 
~ired . - The curves in figure 6 show that the cooling 
of cylinder D Was considerably better with jacket A than 
with jacket B. The curves in figure 11 show that to ob-
tain this better cooling it was necessary to expend ap-
proximately t~ice as much power to force a definite 
weight of cooling air through jacket A than was required 
withjacket B. These curves also show that the difference 
in poner required by the two jRckets on cylinder H, like 
the difference in temperatures shown in figure 7, was 
small for a given air weight. The engine conditions for 
this figure were the same as for figures 6 and 7. 
As the power required for supplying the air is rough-
ly proportional to the product of the total head drop and 
the velocity of the air and as the total head drop varied 
as the 1 . 88 power of the air weight (fig. 9), the expon~nt 
of the power curves should be approximately 2 . 88. An av-
erage value of the curves in figure 11 shows tbA.t the pow-
er required for forced cooling varied as the 2.83 power 
of the air weight. 
Minimum air weight qnd power reouired for satisfac-
tory cooli~.- The results submitted thus far have sho~n 
the power requi red to force the air past the cylinders and 
the relation between cylinder temperatures and air weight. 
In a selection of the most desir ab le jacket both factors 
must be considered. The cylind er and jacket having a com-
bination of air weight and pressure drop giving satisfac-
tory cooling with the minimum expenditure of energy is the 
most desirable. 
Table I presents the compar~tive performance for each 
cylinder and jacket combination. The mini mum power re-
quired to supp l y the cooling air with each combination is 
based on the po wer required to supp ly sufficient cooling 
air to maintain a temperature of 475 0 F. as indicated by 
thermocouple 29 located between the exhaust valve and the 
rear spark-plug boss. In the examinat ion of the results 
submitted in this table it should be realized that the 
jackets do not necessarily represent the ~est design, for 
very little informati o n was available on the design of the 
l 
12 N. A.C . A. Techn ical Note No ' 572 
jackets . ' With some refine ment the loss es through the 
jackets could p robabl Y be redu ced without any sacrifice in 
coo ling . 
The table sho ws that from a power consider~tion cylin-
der D wi th jacket A is slightly better than cylinder H with 
jacket C. Although t he we i ght of the cooling air that was 
supp lied t o cy lind er H was less than that supplied to cyl-
inde r D, the pr essure drop across cylinder H was greater 
and as a result the p ower requirements wer e slight l y higher 
for cylinder H. That cylinder D. s hould show better resul ts 
than cylinder H was sur pris in g an d contrary to expectation 
because c y linder H had more fin area. 
Table II sho ws the free-flo w areas between the. fins of 
cylinder s D ~nd H a nd the quant it y of air re qui red for sat-
isfactory cooling of c y lind er D with jacket A and of cylin-
der H wi th jacket C at an engine speed of 1,9 00 r.p.m. If 
the qua ntities of air are divided proportionallY , to the 
free -flow areas of the heads an d barrels of cylinders D and 
H, the n th e head of cyli nd er D would get 13 . 8 cubic feet of 
ai r p er second; the ~arrel of D, 3 . 5 cubic feet per sec ond; 
the head of H, 9 . 0 cubic feet p er second; and the barre l of 
H, 5 . 5 c u bic feet pe r second, as sho wn in table II. 
Al th ough the diff erence in the lengths of the pa ths 
that ~he air followed around the head and around the barrel 
was n eglec ted in the computation, the values are a good in-
dication of ho w the air was divided between the h ead and 
the barrel for the \ t wo cylinders. With this proportion of 
air, the average v e10ci ty, based on the free - flow area, 
for c y linder D was app ro ximat ely 1 50 mi l es per hour and f or 
cy lin de r H a pp roxi mate ly 170 mi les per hour. 
Decreasing t he quantity. 'of cooling air results in an 
increase in the rise of the cool ing-air temperature across 
the cylinder an d a consequent increas e in cylinder tempera-
tures . When 1 pound of air per second is used in cooling 
an air - cooled cylinder dev e lopin g 45 brake horsepower, the 
tempe ratu re of the cooling air will increase 60 0 F. whil e 
pa s sing fr om the front to the rear of the cylinder. As ap-
pr oximately 50 percent more air passed over the head of 
cy l ind er D than over the head of cylinder H, the heating of 
the cooling air of cylinder D should be considerably l ess 
and the head temperatures of cy linder D should increase 
le s s fr om this heat ing . 
- - - - '--~--~ 
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That the barrel temperatures for cylinder H are sligh~ 
ly higher than those for cylinder ' D must be attributed to 
causes other than the difference in finning or air flow be-
cause there was more finning on the barrel of cylinder H 
and, furthermore, , the velocity of the cooling air was ap-
proximately 20 miles per hour higher for cylinder H. In 
these tests care was taken to maintain the same pressure on 
the oil feed line near the base of the cylinder since pre-
vious tests had shown that the quantity of oil delivered to 
the piston skirt had an appr eciable effect on cylinder tem-
peratures . Increasing the oil pressure on each cylinder , 
from 1 to 8 pounds per square inch resulted in an average 
decrease in temperature for cylinders D a,nd H of 10 0 ,F . and 
300 F ., respectively. 
The results indicate that, in order to obtain satisfac-
tory cooling with minimum power, the quantity of cooling 
air must be judiciously restricted, especially where low 
operating temperatures are desired. If the quantity of 
cooling air is greatly reduced, the tempera,ture rise of the 
air in passing over the cylinder will increase and thus re -
duce the temperature difference between the cooling air and 
the cylinder, which will impair the cooling unless the fin 
surface is modified so that the velocity of the cooling air 
is increased. 
The importance of the jacket shape can be appreciated 
from a comparison of the results obtained from jackets A 
and B on cylinder D . Although the engine powe r was higher 
and the ai r weight less, the average temperatures obtained 
with jacket A were lowe r than those obtained with jacket B . 
(See table I.) Furthermore, the power expended in cooling 
with jacket A was about 50 percent of that for jacket B . 
The power required to force the cooling air past the 
cylinders for adequate cooling varied from approximately 2 
to 6 percent of the engine power , depending on cylinder and 
jacket design and engine-operating conditions. On the as -
sumption of an over-all blower efficiency of 65 percent, a~ 
proximately 3 .0 to 9 . 0 p ercent of the engine power should 
be requi re d for cooling . Wood (reference 8) found that the 
power required to cool a cylinder with a fan was 4 percent 
of the engin e output, including fan losses. In a discus-
sion of Fedden' s paper on afr'- cooled engines (reference 9), 
F . M. Green states that he has found from tests of a single 
cYlinder tha t the p ower required for cooling was approxi-
mately 4 or 5 percent of the total power. 18hner (refer-
J 
.~--~~~-~~-.- -
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ence ro) g ives a value of· 3 , 5 p e-rcent of the brake horse -
p ower r e qu i r ed for cooling a multi cylinder engine with 
b lo wers and 8 , 3 percent for a single -cylinder engine . 
Effect of in d icated horsepower on cylinder - tempe~ 
ture:d ifference.- The curv es in figure 12 show that the 
t e rnp era t u. r . edt f fe r en c e bet wee nth e coo l in g air and the 
cylinder vari es as the 0 , 51 to 0.56 p o we r of the indicat -
ed horsep o we r of the e n gine . Changes in the indicated 
p o wer were obtaine~ by varying the man i f old pressures 
from approximately 20 to 35 inches of Hg ab so lute. Recent 
t est s 0 f a 2 - ro w r ad i ale n gin e ( ref ere n c ell) s howe d t ha t 
the temperature diff er ence varied as the 0 . 25 power of the 
indicated h ors epow er. In the tests of the 2 -ro w radial 
en g ine the tunnel speed was h eld constant and the engine 
speed was held constant by varyin g the propeller pitch si -
mul taneous ly with a change in manifo l d pressure . Appar -
en t ly when thepower was increased, the we ight v e lo c i ty 
past the cylind e r increased b e cau se the sli p stream air 
speed was grea t er at the higher power output than at the 
low a nd because the cool ing air Was mor e turbulent on ac-
c ount o f the shape of the co wling and th e disturbance cre -
ated b y the pr opeller, 
GENERAL CONSIDERATIONS 
Th e results submitted hav e s h own that the difference 
in temperature be tween the cylinder and the air varied in-
ver sel y as the 0 . 4 to the 0 . 6 p o wer of the cooling-air 
weight and that t h e p ower requir ed for cooling wit h each 
jacket varied approximately as the 2.83 power of the air 
weight . From those results it follo ws that, to cool an en-
g ine with minimum exp enditure of p ower, an increase in 
cooling surface is to be pr eferred to an increase in air 
speed . The i ncrease in cooling surface must be obtained by 
increasing the fin widt h and the numbe r of fins from the 
consideration that with a defini te air wei ght it is better 
to cool with a low than with a hi g h velocity . The extent 
to wh ich each may be increased i s limit ed. The wi dth is 
limited by the e ffectiven es s of the fin , which is depend -
ent on the thickness of fi n and the thermal conductivity 
of the material ; the s p acing, as ide from construction dif-
ficulties, i s li mited b y the th ickness of the fin and the 
amount tha t the sp~ce betwe en · the fins can be reduced with-
out an a pp r eciabl e decrea s e in air speed betwee n the fins, 
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change in the nature of the fl o w, or excessive heat~ng of 
the co o ling air • . On the bas is o f :bther tests c onducted by 
this laboratory, an appreciable amount of cooling surface 
can be added before reaching l i mits of either heat flow or 
air flow. The excessive heating of air between closely 
spaced fins impairs cooling to such an extent that it is a 
majo r consideration f o r conditions with restricted air 
flow . 
The maximum temperature specified for satisfactory 
coo l ing has a large effect on tho blower power required. 
I n figure 13 are plotted curves of percentage brake horse-
power required for co o ling at various temperature differ-
enceS between cylinder and air for the four cylinder and 
jacket combinations nt an engine speed of 1,500 r . p . m. 
The results from the four thermocouples that are plotted 
wore obtained from figures 6 , 7, 10 . and 11 . The curves 
indicate that it would be very desirable from a considera-
tien of the power required for cooling to have an engine 
that could operate at high temperatures with no impairment 
of reliability or performance . 
Tests are now in progress of a large number of service-
type cylinders to study cooling under various operating 
conditions. From the tests of these cylinders and further 
tests with other jackets, more complete information about 
the shape of the flow passages will be obtained . There 
are also possibilities that the blower may be used to serve 
a twofold purpose: the removing of boundary layer from the 
airp l ane wing, and the supplying of cooling air to the en-
gino . 
CONCLUSIONS 
The results of these tests show that: 
1 . The minimum power required for satisfactory cool-
ing wi th an over- all blower efficiency of 100 percent var-
ied from 2 to 6 percent of the engine p ower depending on 
the operating conditions . 
2 . The shape of the jacket had a large effect on the 
c ylinder temperatures . Increasing the air speed over the 
front of the cylinder by keeping the g reater part of the 
circumference of the cylinder covered by the jacket re-
duced the temperatures over the entire cylinder. 
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3 . The temperature difference between the cylinder and 
the cooling air varied inverse l y as the 0.4 to 0 . 6 power of 
the cooling- air weight depending on the location of the 
thermocouple; those on the barrel varied as the higher p ow-
er of the air f l ow . 
4 . The total head drop across the , cylinder varied as 
the 1 . 77 to 2 . 04 power of the cooling-air weight depending 
on the cylinder and jacket combination . The power required 
for cooling varied as the 2 . 81 power of the coaling-air 
we ight for three of the cylinder and jacket combinations 
and as th e 2 . 90 power for the fourth combination . 
5 . An air quantity of 1 . 09 pounds p er second proper ly 
directed andkept in contact with the cylinder would satis-
factorily cool the Wasp H cylinder when it was developing 
45 brake horsepower, the maximum temperature being 475 0 F. 
Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., J anuary 7, 1 936 . 
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Comparison of Cylinders and Jacket s for Satisfact ory Cooling 
(Carburetor-intake pressure, atmaspheric) 
Cyl- Ja.ck- Air Total Brake Fric- Barrel Aver-
in- et weight head horse- tion ring age2 
der drop power horse- aver- head 
across power agel temp. 
jacket temp. 
Ib . /soc. in .water of . of . 
[A 0 . 96 5 .3 37 .1 6.2 270 352 
D LB 1.40 7.4 34.6 6.3 271 383 
rC ,. 80 8 . 2 35 . 6 6. 6 270 371 
H l D . 78 7 . 7 36. 4 7 . 8 263 373 
{~ 1.05 6. 4 39 . 8 8. 2 263 347 D 1.70 11.0 39 . 6 8 . 2 285 381 
{~ - - - - - -H 1.00 12 . 1 39.7 9 . 4 269 368 
{i 1.30 9 . 6 44 . 0 10.3 265 346 D 1 .81 12.3 44 . n 10.4- 2.9n 0 P2 
{~ 1.09 13.9 45 . 3 10.4 :::70 364 H 1.18 1 6.0 43.6 10 . 9 G 6<± 370 
H D 1.26 18.2 47 . 7 12. 4 265 '365 
lAverage of thermocouples 2-9 , incl usive. 
GAverage of thermocouples 13 and 15-34 , inclusive . 
ZBa sed on 100 percent blower efficiency. 
Barrel Read 
t emp . temp. 
Min . Ma:K. NJi n . Max. 
of. of . of . of . 
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- - - -
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TABLE II: 
Comparative air flows over head and barrel of cyli nder D 
with jacket A and of cylinder H with jacket C 
Average Air weigqt Air flow 
Jacket Free flow area air required over 
Head Barrel velocity (19 00 r .p.m.) headl 
sq.in. sq.in . m. p.h. Ib ./sec . cu . f t . /sec. 
A 9 . 0 2 . 3 150 1.30 13 . 8 
C 5 .2 3 . 2 170 1.09 9 . 0 
, , - - I ~ _~ _ ___ _ . _ ____ . _ .~~ __ ~ __ _ 
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barr el i 
cu.ft . /sec . 
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lBa s ed on a ir t emperature 700 F., air pressure 29 . 92 in. Hg absolute. 
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(a) Wasp D cy11nder. Thermooouple 12 18 of 8park plug ga8ket type 
(b) Wasp H oylinder . Thermooouple 12 1a of 8park plug gaaket type 
F1gure 3.- Front and rear viewa of oy11nder8 8howing locat1on of thermooouples 
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